Glycoconjugates on cell surfaces play important roles in cellcell interactions in a variety of biological processes. Glycans on the surfaces of glycosylated proteins also regulates intracellular and body-wide trafficking of these molecules. They play important roles in the regulation of the proper folding of the proteins. It is crucial to determine the specificity and affinity of the interaction between carbohydrates and the recognition molecules to evaluate the biological significance of carbohydrate residues. Fluorescence polarization (FP) is a useful method because molecular interactions can be determined without separating the bound and free ligands. We previously determined the interactions between recombinant human macrophage C-type lectin and synthetic glycopeptides by measuring FP. 1 Antigen-antibody interactions can also be determined.
However, because the fluorescent labeling of oligosaccharides at minute quantity suitable for the detection by FP was not previously available, there were only a few applications in the determination of glycan-lectin interactions. [3] [4] [5] ELISA is another potentially useful approach in oligosaccharide characterizations, though difficulty in quantitative immobilization of oligosaccharides hampered the use of this procedure. In the present study, we developed multifunctional oligosaccharide probes by introducing pyrene groups through a simple procedure. The oligosaccharide probes were proven to be applicable to FP and ELISA at picomole quantities of oligosaccharides obtained from biological samples, such as those from cells and tissues. Because fluorescence derivatives of oligosaccharides previously used with 2-aminopyridine or aminobenzoethyl ester (ABEE) were not suited for FP and ELISA, as described below, the pyrene labeling of oligosaccharide developed in the present report should be of great value.
Experimental

Oligosaccharide labeling
The preparation of labeled oligosaccharides was according to procedure used for the amino benzoate ethyl ester (ABEE) labeling, except that a reducing reagent was not used. 6 Pyrene butanoic acid hydrazide (Molecular Probes, Leiden, The Netherlands) in methanol (500 nmol/20 µl) mixed with 2 µl acetic acid diluted with methanol (1:8, v/v) was added to dried oligosaccharides in a glass vial with a screw cap. The mixture was tightly sealed with a cap, mixed well and heated at 80˚C. After incubating for 20 min, the reaction mixture was neutralized by adding a 1 M sodiumhydroxide solution. The greatest amounts of fluorescent oligosaccharides were obtained at 80˚C. Pyrene-labeled oligosaccharides were obtained in the aqueous phase by chloroform/water (1:1) extraction, and unreacted pyrene derivatives were removed by this procedure. The aqueous phase was evaporated to dryness. The residue was dissolved with water and applied onto a Sep-Pak C18 cartridge (Millipore Corporation, Bedford, MA). After washing the cartridge with water, labeled oligosaccharides were eluted with a mixture of water and acetonitorile (6:4, v/v). The fraction was evaporated and stored at -20˚C in the dark. The amounts of labeled oligosaccharides were determined by the fluorescent intensity at λex = 341 nm, λem = 376 nm.
FP
Two picomol pyrene-labeled oligosaccharides from human milk were incubated with various concentrations of Ricinus communis agglutinin-I (RCA120, Seikagaku Corp., Tokyo, Japan) in 100 µl of 50 mM Tris-HCl buffer, pH 7. A simple method to label oligosaccharides with a multifunctional fluorescent group was developed. Oligosaccharides were quantitatively labeled at their reducing termini with pyrene butanoic acid hydrazide. The pyrene-labeled oligosaccharides were successfully applied to fluorescence polarization measurements and ELISA at picomole quantity, which was not previously reached by other procedures. This labeling method should prove to be useful in a variety of aspects in glycobiology. The results were obtained by subtracting FP in the absence of RCA120 from FP in the presence of RCA120.
ELISA
Pyrene-labeled oligosaccharides dissolved in methanol were applied onto plastic micro plates (polyvinyl chloride plate: Falcon #3912, Becton Dickinson Japan, Tokyo) at 37˚C overnight. After blocking with bovine serum albumin (3 mg/ml) for 2 h, immobilized oligosaccharides were incubated with mAb 7LE specific for Lewis a antigen (Seikagaku Corp., Tokyo) or mAb PHA-7 specific for polyaromatic hydrocarbons (Cosmo Bio, Tokyo) in phosphate buffered saline, pH 7.5 containing 1% bovine serum albumin and 0.02% Tween at 4˚C for overnight. Bound antibodies were detected by incubating with peroxidase-conjugated anti-mouse IgG (Zymed Laboratories Inc., San Francisco, CA) at room temperature for 2 h and peroxidase reaction at room temperature using H2O2 and O-phenylenediamine as substrates. Absorbance at 490 nm was measured using an EIA reader (Japan Bio-Rad Laboratories, Tokyo).
Results and Discussion
According to procedure described in the Experimental, oligosaccharides from 10 pmol up to 50 nmol were proportionally converted to fluorescent derivatives. The purity and structures of obtained fluorescent oligosaccharides were confirmed by the normal phase HPLC and by MALDI-TOF MS. For example, the fluorescent product from 3′-sialyllactose gave a single peak on HPLC using a Cosmosil 5NH2-MS column (Nacalai, Kyoto, Japan). The oligosaccharide in the peak separated on HPLC was analyzed on MALDI-TOF MS on a Voyager-Elite Biospectrometry Workstation (PE Biosystem, Foster City, CA) using 2,5-dihydrobenzoic acid as the matrix. The observed mass 917.08 was almost the same as the predicted mass 916.91. Fucosylated and sulfated oligosaccharides were also quantitatively labeled without degradation in this method.
FP analysis
The minimum concentration of pyrene-labeled oligosaccharides to maintain stable FP values was determined. When FP was measured at various concentrations of pyrenelabeld lacto-N-neotetraose (5 -1000 nM), a stable FP value was obtained as low as 20 nM. When ABEE or 2-aminopyridine was used, at least 1 µM was necessary to maintain stable FP values. The results of measuring the interaction between pyrene-labeled oligosaccharides and RCA120, which is known to be specific for non-reducing terminal lactosamine structures, are shown in Fig. 1 . Lacto-N-neohexsaose, that contains two type-2 lactosamine units, showed a significant change according to the dose of added RCA120, whereas lacto-N-fucopentaose II did not show any change in the FP value. Lacto-N-neotetraose that contains one type-2 lactosamine unit exhibited stronger interaction than lacto-N-tetraose that contains one type-1 lactosamine unit. The apparent values of the dissociation constant of lacto-N-neohexaose, lacto-N-neotetraose, and lacto-N-tetraose were 3.6, 5.9, and 14.8 µM, respectively. The order of affinity to the lectin was the same as the already reported results. 7 Although 2-aminopyridine-labeled oligosaccharides have widely been used for structural analysis, and some of them are commercially available, the concentration required for FP analysis is too high (0.5 -1.0 µM)* to be used when a limited amount of biological samples can be obtained. In contrast, the sensitive fluorescent label of oligosaccharides with a pyrene derivative in the present study should widely be applicable to FP analysis as well as to structural analyses.
ELISA
Because pyrene-labeled oligosaccharides seemed to have high hydrophobicity, we expected them to be immobilized on plastic surfaces without further modifications. Pyrene-labeled oligosaccharides were then examined as to whether they were applicable to ELISA. Higher and more reproducible adsorption of pyrene-labeled oligosaccharides on a polyvinyl chloride plate (Falcon #3912) was observed than on several polystyrene plates (data not shown). ELISA using a polyvinyl chloride plate indicated that only lacto-N-fucopentaose II, that contains Lewis a antigen, specifically reacted to mAb 7LE, as shown in Fig. 2 . mAb PHA-7 showed equal binding to all pyrene-labeled oligosaccharides used in this study (data not shown). Therefore, the amounts of oligosaccharides immobilized on the plate were considered to be the same regardless of the carbohydrate structures.
Oligosaccharides labeled with ABEE were previously converted to amino benzoate-conjugated oligosaccharides with a mild alkaline treatment, and covalently coupled with amino groups on a micro plate, Covalink (Nalge Nunc International, Tokyo) in the presence of ethylenediamine and N-hydroxysuccinimide. 6 Although this approach using ABEE was also useful in structural analyses on HPLC and in measurements of lectin-carbohydrate interaction analysis in ELISA, pyrene label surpassed ABEE by about ten times in sensitivity. The immobilization methods used by other groups for the oligosaccharides include covalent coupling to modified surface of plates, 6, 8 the binding of biotinylated oligosaccharides to avidin-coated plates, 9 and the production of neoglycolipids. 10 In these methods, additional or entirely different procedures were necessary to modify the oligosaccharides from those used for other detections. Multifunctional fluorescent oligosaccharide probes with pyrene can be used for both structural analysis and measurements of carbohydrate-protein interactions in solutions and in solid phases. The method that we described here is widely applicable to both N-glycans and Oglycans of glycoproteins from biological materials. Therefore, it should widely be used as a novel tool in glycobiology.
